Abstract Floodplains of Sokoto Basin with covering about 280,000 hectares of land was assessed for its shallow groundwater potentials. Data on pumping test of tube wells, logs and drilled tube wells were utilized for this study. Storativity was determined from known lithology of tube wells. Results of this study gives the ranges and averages of Hydraulic parameters for the shallow alluvial aquifers of hydraulic conductivity, transmissivity, specific capacity and storativity to be 6. -5 -6×10 -3 and 5×10 -4 respectively, While the Yields range of 0.3-7 l/s was obtained with 90% of tube wells evaluated having yields of 2.2 l/s and above. Lithologic Aquiferous units vary from medium sands, sands, coarse sands to gravel with thickness range of between 0.3 to 15 m. Computed hydraulic conductivity indicates the aquifer materials to be gravels and alluvial sands of high permeability. Specific capacity values indicated the wells to be of high productivity when compared with standard values, Transmissivity average revealed the area to be of high groundwater transmission potentials. Overall assessment of the yields of tube wells studied indicated that 90% of the wells have yields that are above the minimum required for irrigation; the low average drawdown of 0.41 m recorded is an indication that the aquifers have high efficiency and high performance as regards storage and transmission of water. Recharge of the alluvial aquifers is mainly through surface river flow and precipitation, climate change have recently threaten the recharge potential s owing to the drying up of some of these streams and rivers at the peak of dry season as well reduction in rainfall. Statistical analysis has shown a good linear relationship between Specific capacity with yield, Transmissivity and hydraulic conductivity while Transmissivity is linearly related with yield and Conductivity. Generally the study revealed that the Sokoto basin Fadama land to be of high groundwater potentials, with storage coefficient values of confined and high yielding aquifers with capabilities of sustaining withdrawals for long period without recharge from external sources. Standard procedures are highly recommended to reduce or avoid the case of drilling abortive or low yielding wells.
Introduction
Fadama is any low-lying land which is subject to seasonal flooding or waterlogging, including the floodplains of rivers and streams which has been inundated together with seasonal pools and depressions where land is moistened due to the rise in the water table, [1] . The total irrigation potentials of Nigeria is put at 2.0 million hectares, out of this figure the Fadama lands of northern Nigeria occupied about 0.94 million hectares, [2] . The area of study constitutes about 280,000 hectares of the Fadama land / Floodplains. Fadama and Floodplains Agriculture is being practiced throughout the dry season, Fadama land may be cultivated almost continuously, as rice can be grown in the wet season and followed by variety of dry season crops which rely on accumulated soil moisture or irrigation, [1] . Declining rainfall in the semi-arid northern Nigeria has put most floodplain located in this zone under pressure from several sources [3, 4] . Due to the vulnerability of rain fed agriculture to decrease in rain [5, 6] this have being bringing added pressure and competition on the Fadama Alluvial aquifers. [7] pointed out that Fadama is important not only for irrigation potentials but also as a major source of groundwater for domestic consumption and livestock grazing. The traditional methods of irrigation involve lifting of water from perennial streams by Shadufs, or bucket on poles from shallow depressions and valley heads which dissect the uplands, this lead to only small percentage of the Fadama area to be used. [8] pointed out that groundwater is vital in Sokoto basin because of the limited amount of rainfall that falls for few months and as surface water sources get dried up at the peak of dry season before the on-set of the next wet season. Farmers and the inhabitants of the lowland areas have shifted their attention to the Fadama lowland areas shallow groundwater resources which has being utilized for irrigation and domestic uses since 1980s. Although the Sokoto agricultural and rural development authority has previously assessed the shallow groundwater in the Fadama areas of the basin "unpublished data." This study therefore to re-evaluated the groundwater resources potentials of the floodplain and Fadama alluvial aquifers by using hydraulic parameters of aquifers computed from different methods and those parameters that were not determined in early research carried out in the study area.
Material and Methods

Physical and Climatic Settings
Sokoto Basin is part of the larger Iullemmeden Basin of West Africa, located between latitude 10º 00ˊ and 14º 00ˊN and longitude 3º 30ˊ and 7º 00ˊE with total land coverage of about 65000 km 2 . The Basin falls within the Semi-arid climatic zone in the Sub-Saharan Sudan belt with vegetation mainly of the Savannah type. The short wet season is characterized with four months of rainfall which varies in the Basin with an annual average of 350 mm in at the extreme northern end to about 670 mm at the Sokoto airport. The longer dry season is Characterize with higher temperature and dusty conditions during the Harmatan. Temperature range of between 25.5 to 40°C has been recorded in the Basin [9] . Physiographically the Basin can be divided into three regions: the high plains of the east and South-east which consist of dissected plateau of crystalline rocks which are characterized by ranges of hills and massive Inselbergs which intersect steeply with the surrounding plains, the Sokoto plains of the north and central zone and the riverine region of the Niger and lower Rima valley [10] . The sedimentary basin consists of monotonous plains that are undulating with height varying between 250 and 400 m above sea level. The plain is occasionally interrupted by the Dange scarp which is a steep-sided topped hill with low escarpment [11, 12] . The valleys are occupied by the Alluvial Floodplains and Rivers, Major rivers that drain the Sokoto Basin includes the Rima, Sokoto, and a Part of the Niger, Gulbin ka, Bunsuru, Zamfara, Gagare and their tributaries Figure 1 . Three depositional environment have being identified; the present active channel, an intermediate and older levels. The width of the Floodplains varies from 0.5 to 15 km with its surface characterized with erosion and depositional features which includes abandoned Channels, ponds, pans, oxbows, braided channels, meander scars, point bars and low in-channel benches. The Fadama land in the Sokoto basin comprises the floodplains of the Niger and Sokoto-Rima and the land along the tributaries together with the shallow depressions and valley heads which dissect the upland. 
Geology and Hydrogeology
The Geology of the Sokoto Basin have been studied by different Scholars notably among these are the works of [11, 13, 14, 15] Figure 2 .
Studies on the Hydrogeology of the Sokoto basin was first carried out by [13] . A more detail hydrogeology of the Aquifer of the Basin was provided by the work of [16] . The main water bearing aquifers in the Basin comprises of overlaying laterites, shallow floodplain alluvial sediments consisting of gravels, sands, silts and clays this constitutes high water bearing aquifers. Other water bearing formations of the basin includes Sandstones and grits of the Gwandu Formation, the Calcareous limestone perched water aquifer of the Kalambaina Formation, Sandstones of the Wurno and Taloka Formations within the Rima group and the underlying Grits and Sandstones aquifers of the Gundumi and Illo Formations. These water bearing aquifers are either confined or semi confined due to the presence of impervious Clay intercalations which resulted into artesian conditions in some areas in the Basin especially in the Gundumi and Gwandu Formations. [9, 17, 18, 19, 20] , estimated the water storage, yield and hydraulic properties for the different aquifers in the basin; a yield range of 5,850 to 25,200lph -3 was calculated for the limestone aquifer. Gwandu formation is the most prolific in terms of Groundwater potential in the Sokoto basin, artesian aquifer occurred within this formation. The most prolific aquifer in the Gwandu is the lower zone aquifer with free flow of well as high as 54 000 lph obtained with a maximum head recorded value of 25.3m. Transmissivity value as high as 2,530 m 3 /day was obtained for the aquifers in the in Gwandu.
Sources of Data and Evaluation Methods
Acquisition of recent, reliable and accurate pumping test data was the biggest challenge of this study. Therefore the data for this study was obtained from the Sokoto Agricultural and Rural Development Authority (SARDA) report ̋ Unpublished data ̏. A total of forty Tube wells pumping test, lithological logs and tube wells information were used to compute the required hydraulic parameters for the assessment of the groundwater potentials of the shallow alluvial aquifers beneath the Fadama and floodplains of the Sokoto basin. Hydraulic conductivity was determined from Transmissivity and aquifer thickness, while Drawdown and Discharge data were used to evaluate Specific capacity. The Storativity was determined using [21] method from known lithology by multiplying the standard specific storage value of the known aquifer lithology with aquifer thickness. The aquifer thickness was estimated from drill logs of the tube wells. The drill cuttings data were used to construct the lithological logs of the Tube wells using Sedlog software. The various hydraulic parameters computed were subjected to statistical analysis to see how they are related to each other; an IBM SPSS statistical software package version 22 for windows was used for the statistical treatment of the hydraulic parameters, Table 1 . The following equations were used to compute the hydraulic properties of the aquifers:
The Storativity of the confined to semi -confined aquifers were evaluated using the equation
(1) S = Storativity which is dimensionless Ss = Specific Storage b = Aquifer thickness Hydraulic conductivity was calculated using
Where K= Hydraulic conductivity (m/day) B= Screen length used. Specific capacity was calculated using Q / s
Where S = total drawdown recorded in pumping well Q = Discharge or Yield of borehole in (l/s) Specific capacity is in m 3 /day
Results and Discussions
The results are presented in Table 2 below. log for this tube well revealed a silt, clayey silty fine sand, fine to medium sand sequence with iron stone at the bottom, with aquifer materials that consist of fine to medium sand material which were unconfined. The lithological logs of drilled wells used for this study correlate positively and agrees with the model produced by [22] , Figures, 4a, 4b 4c and 3 respectively. However 12 wells have yields values that varies between 5.4 and 7.0 l/s these values were within the range of 5-50 l/s for unconsolidated sediments as given by [22] . Tube wells with yield values that are above 2.2 l/s have the minimum yield required for successful irrigation, [23] . [22] Pointed out that a yield of 0.5 l/s is suitable for small scale agriculture. SARDA ̋ Unpublished data ̏ grouped the tube wells in the Sokoto basin into three classes based on their yield, Wells with yield above 2.5 l/s are classified as high, those with yield that ranges between 1.3 and 2.5 l/s as moderate yielding wells while tube wells that cannot yield water that exceed 1.2 l/s are considered as low yielding. The yield range obtained in this study is comparable with values obtained by [24] for the major floodplains on the Gongola and Jama'are Rivers in Bauchi state which ranges from 0.6 to 9.4 l/s.
Static water level and Drawdown
Measured static water levels in the non -pumping tube wells ranges between 1.10 m and 4.30 m with a mean value of 2.70 m. Drawdown values recorded after pumping test of tube wells were between 0.11 and 2.45 m with an average of 0.41m. The least drawdown value was recorded in the tube well with highest recorded yield for this study at Shinkafi. Both the static water level and drawdown parameters depends on recharge and permeability of the aquifer, the more the permeable aquifer will experience more recharge into the aquifer, consequently a lesser drawdown in the well. The average drawdown value of 0.41 m has indicated that the aquifers in the area are generally efficient in terms of both recharge and discharge, pointing to good permeability.
Hydraulic Properties of Aquifer
Storativity
The Storativity values computed using [21] method of known aquifer lithology, a range of 1× 10 -5 to 6×10 -3 with an average of 5×10 -4 were obtained indicating the aquifers to be predominantly confined. Comparing the values obtained for the area using the non equilibrium straight line graphical method of [25] , a range of 8×10 -7 to 3× 10 -1
with an average of 3×10 -2 , it was observed that values obtained using the graphical method are higher than values obtained using [21] . However the two values comparably agreed with each other in some cases, the overall assessment revealed that the difference in values of storativity obtained from these two different methods are not much and are within the expected values for alluvial material for confined aquifers, this proved the [21] Method to be valid and correct.
Transmissivity
The values and range obtained for transmissivity ranges from 40 to 3950 m 2 /day with a mean value of 799.5 m 2 /day base on the standard values given by [26] and [27] while based on the average value computed for the area, the study area can generally be categorized as having high potentials for groundwater transmission and very high groundwater withdrawal of regional importance.
Hydraulic Conductivity
Hydraulic conductivity which is the ability of the aquifer material to uninterruptedly allow the free flow of water through it into the well was computed, this ranges between 6.66 -1316 m/day with a mean of 215,044 m/day. Coarse sands and gravel material have higher hydraulic conductivity values. [28] showed that Unconsolidated alluvial aquifers with well sorted more matured sediment with free porous flow path tend to have higher hydraulic conductivity values compared to poorly sorted and immature sediments with low porosity, According to [29] Hydraulic conductivity is control by the intrinsic permeability of the aquifer, which includes grain size distribution, packing, sorting and interconnectivity for unconsolidated sediments and rocks. Based on the ranges of hydraulic conductivities given by [29] , the computed values of four tube wells in this study falls within the range of 500-10,000 m/day which is the class for alluvial gravel aquifer, the remaining 36 wells are within the 1-500 m/day range for alluvial sands. The average value of 215,044 m/day has placed the floodplain aquifers of the Sokoto basin in the alluvial sands class. 
Shallow Groundwater Recharge
The alluvial aquifers are recharge by precipitation, infiltration from surface waters through Stream flow and upward recharge from underlying bed rock formation in the sedimentary areas. The climate change being experienced in the region can have adverse effects on the recharge because of the reductions in the number of raining days which fluctuate during the short wet season, drying up of some of the surface water bodies during the peak of the dry season and also the activities of gravel miners along the rivers and floodplains have negative impact on the recharging of the shallow alluvial aquifers. This can drastically reduce the quantity of water that can be taken into storage through the different recharge processes. However base on water level monitoring in some tube wells the seasonal variation in water levels in the shallow alluvial aquifers in the area is between 0.2 to 2.4 m.
Statistical Evaluation of Computed Hydraulic Characteristic
Statistical analysis to know the relationship between some of the calculated aquifer properties revealed that Specific capacity is linearly related to the Yield, Transmissivity, and hydraulic conductivity similarly Comparison between Transmissivity gives a linear relationship with Hydraulic conductivity and the Yields of tube wells, Figures 5a to 5e. This is an indication of the interdependency of these parameters on each other and how they can affect the performance, productivity and efficiency of the shallow alluvial aquifer ability to function properly as water storing and transmitting medium. 
Conclusion
Sokoto Basin Floodplains and Fadama lands have potentials for groundwater that is capable of sustaining both domestic and agricultural utilization within the communities of the Semi-arid region of northwestern Nigeria for a long period. Evaluated aquifer parameters revealed groundwater resources under both confined and semi-confined condition that is replenished through precipitation and recharged by rivers and vertical recharged through upward movement from sedimentary rocks below the alluvial aquifer. The shallow aquifers in the area are predominantly made up of alluvial sand with few being gravel which are characterized with good water storage and transmission ability. Statistical comparison between computed hydraulic characteristics of tube wells revealed that there is a good correlation between transmissivity, specific capacity and Yield showing the dependency of these properties on one another, however there is no good relationship between these parameters and storativity. The Fadama /floodplain areas of the Sokoto basin are categorized as Major Intermediate and Minor based on Hydrogeological conditions and groundwater level fluctuation.
